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] P SUMMARY 

An experimertel investization of a standerd 
Navion type airplane wos undertrken to determine the 
feasibility cf using static flight test methods to find 
the airereft's directional and lateral static stability 
derivatives. It was alse desired to fina the ter tetitee 
if any, of these jeciveatives with aircraft velocity, power, 
and cornfiguretion., No attempt was mede to determine any 
of the rlynamic derivatives, since this tyre of testing is 
not, hy SS yield these derivatives directly. } 

With the aircraft instrumented to read rudder, 
aileron, aidebiip end roll anzles, assymetric rolling and 
yawing moments were intneadeen to determine the orimary 
snd secordsry control moments. By flying straicht sideslip 
runs with © rolling moment due to a bomb hung on the wing 
tio, end comparing there with Ses HOE aa aie without the bom, 
the primary aileron. power is easily found. Similarly, 
straight sideclip runs with a target tow sleeve Liane 
Wing tip creating a yawings moment will leed to Lis nodder 
control power. 

The secondsry control moments cen be tirectly 
determined from the steady state. equations of motion, or 
ad See trom the primary moments by the use of geo- 
metric measurements of the aircraft. 

Knowing the prime7y and secondary cortrol] moments 


the basic lateral and Airectional static stability derivatives 
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DETEXMINOTION CF VEE Sarco LATERAT, 
AND DIRSULTONAL VEXIVALTIVES CF AN 


AIRPLANE SY STKADY GEATS PLIGHT TESTING 


INT RCDUCLION 

Since Yorld War JI, there has veen a trend 
towsrda the use of flight testing 9s 9 means of obtain- 
inz or checking the stebility derivatives of airplanes. 
The high cost and doubtful accuracy of results obtained 
from large scale, hich sneed wind tunrels has given im- 
Detus to this means of testing. It is the purpose of | 
By ityapttastton to determine the feasibility of apply- 
ing some of the recently developed methods of obtaining 
stability derivetives to a light airplene. 

To deduce 9n airplsene's aerodynamic character- 
dstics from e given flight test, it is usually necessary 
to snelyze the resronse of the airplane to its various 
controls. The major methods now in use desl with the 
dynamic response of the airplane to its controls by either 
steady oscillation techniaues or by transient res >onse 
techniques. Fowever, certsin of the lateral atadility 
derivatives can be obtsrined from rnonedynamic steady re- 


svonses to the sirplene'sa controls. 


‘ > 
i my hg? ; 
gon pe 
‘ + , 
id the f A J 
4 4 ey 
é ibe 
é 
Py 9 
¢ 
as ' 
ol? 
" 
i 
v 
a 
A , f 
yo 
* 
* 
‘ 
} ‘ 
* ’ i) 


git i 
p> ey 
iP A 
Mt De 
riaeay 
ae 

n 
” e 
; 
ia 
“4¢ : 
t 

) 

’ 


7 Sia : 
a 4 4 ¢ 
at pag tA aS vg 
ny, i 
ahr ¥e 


| * er ys “4 ¥ 


oD ; 
.4¢ U 1 1 
im | ie ; ‘ at: yes 
a ' i. 
Awe, ‘wie mes t - yée ie” 
la P al 
ore +. P his ey ‘> i 
a ¢, mM q ‘ 
ST ibeamee oe ee Rate 
> hry bs 
] 7 ’ y A 
a : Ag ve as ,% » 
. oe ei ef . 
’ Woe 2 a ! 
Gt es oaey Be 
“ +}ir % 
“ : d 4 uf i aos i 
A , 
‘ 4 
i iia! 7 


« a 


we # ‘pe dy ) ig 


¥ ie 
j . 
a; 
a i re 


The adventeges of this method of testing are 
fairly obvious. Dynamic resnonse techniques normally 
require extensive {fidteminen ConA Ge to messure ths rapid» 
motions of the airplane. The accuracy of any determina- 
tion is therefore a function of the ha datty of the in- 
strumentetion on9d a Jnowledge of the airplane's mess and 
complicated inertia characteristics. Steedy,, non-oscill- 
atory response teohnicues sre not susceptiole to many of 
“the inherent difficulties experisrced in dynemic testing, 
Thetefore, if the airplene is not seyerely limited in en- 
durence, many of the. .latersl derivatives can be obtained 
with greater accuracy and at much less cost by these 
means, 

In this report, the methods for obteining ‘and 
sinlyutnn fiient test curves for the stetic lateral sta- 
bility derivatives are discussed. In particular, it 
desls with methods of obtaining aileron power, "Gy. » 


» secondary control moments and forces, 


rudder power, Ong 
<4 A, 


“ns? oa and Cus! directional starvility, One - 


dihedral effect, C1,_s end side force derivative, Cy? 
The parameters are determined st varying speeds, power, 
os: aircraft configurations to nseertain what variations 
occur. 

The investigetion was conducted iuring the 


spring of 1955 by Tieutenant 2%. P. Smith, SN and 
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Lieutenant I. *. Vogt, Jr., USN, while studying under the 
Department of Aeronautical Engireering of Princeton 


University, Princeton, New Jersey. 


DISCISSION OF. THIORY 
The equations of motion of airvleane laters] 


dynamics, using stability (wind) axes, sre 
ye 28) B 2D ely Pt Cys) tx iO (q) 
WC, Bel E+ Lis OVOV A (%o-J, 07) ¥g 

| tay, fa ta Cy in - O (6) ()) 
Pf Onp 7 + (G- Jy 0) ov + (3D + Ing D2) g 


+ 0 Omg. ba + pe Cong. amo (c) 
In conducting steady state leteral Plight — 
testing, where p> y g-$- O , it is convenient to 
use the time derivative rather then D¥, the non- 


dimensionsl yaw rate. Impcsing the cteady state condi- 


tions, the eauatiors cf motion become 


ee BE as 2 + Cg slg OF ee Panis 2 (a) 


Deh. Ce ae hot hte tg 5 2 (4) (2) 
be B+ Gam y t ry by Fan a. a) (c) 


In these equations there are five variables ha’ Vi aed ee 


In steady state Flight testing methods particular 


varisbles 2re eliminated by snecial flight menuevers. 
‘The three possible manuevers are the perfect turn (@-0), 
te straight sideslip (P=0), and the skidding turn 
(=O). 

The perfect turn and skidding turn maneuvers 
are primarily used to determ'ne the damping derivatives 


Cn, 2nd » and the cross derivatives Cy, and Cnp: 


15 
These tests were not conducted. 
For the straight sides’ip maneuver, the equa- 


tions (2) reduce to the followine:. 


i 


O (a) 
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The girplane was instrumented so that the 


Cy 8 at Ge ty + Cage. be 


Ce, Shee: tet Cee 


variadles B, g, dy ond bu could be recorded and the co- 
erficient Gy; determined, 
The secondary control moments are expressed in 


terms of the primary moments as follows: 


Cy, = Ki Cus, Ky = > Lew (4) 
Gre = ka Cas 3 Kz hig he] fi (5) 
ER = ne Cex (€) 


da 
where 0 is the wing spen, ly is the horizontsl distance 


from the airplane's c.g. to the centroid of the vert‘cal 


teil and hy is the vert‘cerl distance from the airplane's 


X axia to the centroid of the verticsl tail, 
Rewriting the eauations (5), the final working 


form was obteined. | 
Cue tet Ce @) ser Gas b¢ 2i-0) (a) 
Car a FC Ot: Hayle pees Ga tee OL 
Cui, GC ss Garis de aa ks Cz si bas e O (c) 


To determine the primary control moments, two 
known torques were applied to the aircraft and the control 
movement -necessary to overcome this torque was emeily ca 
verted to control power. To ‘%eterm‘ne a the rolling 
moment due to aileron, a known weight was hun- on the 


left winaztip. This introduced a known rolling moment co- 


ee eee eet) 


The yawing moment due to 2erodynamic arose of this weight 


efficient 


was crlculsted to be negligible. 

In wings level flicht ($= 0), the rolling equil- 
fbrium equation From (7b) and (8) is 

Ce, G FCPS bes fg One toe + C“er=O (7 

At zero sideslip then, the ailerons must be deflected a 
larger angle with the introduction of ae For a first 
approximation the seconiary control moment, Kz Cas, Sr 
was °ssumed equal to zero. Thus the aileron control power 
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The rudder control power “ns was determined 
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by introducing a known yawing moment about the airplane's 
Z exis and balancing it by rudder deflection. 


Using a strain gege instrumerted tow target 


sleeve attached to the wing tip, the known yawing moment- 


g os ‘ 
a Ces = 7. : (//) 
The yawing eauilibrium ecuation became 
Che B i Ga bis K; Cais sek © CRA at (12) 4 
Test data st zero cideslip, sleeve on and off, gave the 
aifference cf rudder deflection required. ‘Considering as 


a first approximation that the aileron adverse yaw, 


Ay lg: ba » was zero, the rudder power was 
45. a 
= — ose 1 
Ces Addr (13) 


Returning to the esssymetric weight test, the 
“difference of rudder angtcs required for trim between 
weizht on and off is 4ue to the yawing moment of the edd- 


4ticnel eileron deflection. From equation (7c) 


Curio B + ng bt MG de =O 


can now be. solved for Kz, thus: 


k,=- es. o& (14) 


Cea ie 


Iteration of the coefficients Tig. ? ony and of 


Kz was used to obtain the most eecurate answers for the 


data collected by the following ecuations: 


Cy = meas Becal Nea 7 Wiel | (/5) 


o's he <a <A Cte DSa (/6) 


Finally, the three secondary control moments 
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Cys? 1p and ony. can be obtained from ecuations (4), 

: Knowing the primary 9nd secondary control moment 
coefficients, the st2ti¢ leteral stability derivatives, 
Cygs “1 end ong? were determined from the straight side- 
slip equations (7a), (76), and (7c). The sloves of the 
flight test date curves through zero sjideslinv are used in 
the following eavuations to determine the static lateral 


and directional derivatives, 


Cag = ~ . ip oh! Cem (a) 
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EQUIPMENT AND PROTEDURES 

The test vehicle used to obtain flight data was 
2 Ryan Nevien, N5113K. This is a four-place transport 
powered by a 205 HP Tontinentel engine. The aircraft was 
stenderda in configuration except fer the modifications 
mede for these tests, and is pictured in Figs. 1, 2 and 3. 

In order to mount thevecdipaickt required to place 
known rolling and yawing moments on the aircraft, two steel 
lugs were fastened to the outermost stiffening rib of each 
wing. To each of these 9 standard U. 3. Navy Mark & bomb 


shackle was ettached. These shackles are manually overated 


and were activated by steel cables led throush the wing 
to the cockpit (Fiz. 3). 
A boom with ® yaw vane attached was mounted so 
aa to extend forwerd from the left wingtip lugs (Fig. 1). 
Movement of the vane enervized 9n autosyn trarsmitter 
mounted within 9 streamlined shape, hie vison was sufficient- 
ly long so that it was logical to assume that the vane was 
not affected by the aircraft pressure field, Another boom 
extended eft from the richt wing tip lugs. Th*s was used to 
suprort the equipment required to sive a knewn yawine moment. 
Fig. 3 shows this srrangement. 
For the series of tests desizned to measure oh een 
a "bomb", actually a strerm?ined: shane meade of stock eteel, 
was corried on each »om shackle for takeoff. ‘Although 
t' ese bombs weighed approximetely &O nounis each, no undue 
stress concentration was noticed during tekeoff or during 
any maneuvers, After takeoff, the right bomb was dropved, 
and a series of tests made with the known weicht (78 lbs., 
5 o7s.) on the left winztip. (All tekeoffs and lendings 
were made with symmetrical loads since trere was some doubt 
if the aircraft would heave suf*icient aileron power at low 
speeds in the unbalanced condition. It is felt that this 
was unnecessary.) Then the hom» on the left wingtip was 
fronved and the seme teata, mets in the clean configuration. 


In this way, duplication of etnospheric conditions was ob- 


teined. 
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To determine Ong,» a standard U. 3. Navy Mark 

23, Moa 0, 20 root tow target sleeve was towed behind the 
right wingtin. Criginally, takeoffs were msde by stretch- 
ing 450 feet of nylon line, with the sleeve attached, ahesd 
of the airplene. A maximum performance takeoff was made 
and the target "snatched" into the air, ‘Power limitations 
of the aircraft coupled with the roughness and ewer length 
of the field precluded any successful "snatches" without 
approximately 10 knots of hendwind. | 

These limitations finally caused 2 redesign of 
the -ystem to that shown in Fig. 2. In this system, the 
target was fastened to the rear of the fuselage with 150 
feet of line end the remainder of the line looped from the 
taiite the winctip. After takeoff and elim ous, the. tail 
We ashushe point was released and the target supported by 
the wingtip. 

: Some difficulty was experienced on several test 
flights when the tow target started to oscillate and rotate. 
The only apparent cause was that the target was in the wing 
vortex trail. By placing a five pound weight on ita thet 
Wipboks ring, this aifficulty was alleviated, 

To messure the drag of the terget a strain gace 
unit wes desizned and placed ‘jirectly aft of the boom, 
Flectricel wires were led through the wing structure and 
readings made on a Baldwin SR-4 strain eege box in the cock- 


pit. Immediately eft of the strain gage a "pelican" type 
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release ho-k waa attached with an activating ca=le led 

into the cockpit. The terget was re'essed ortor to land-. 
ing end on ell unsuccessful "snatches". Fig. 3 shows the 
right wingtip Ae nunaint : Tt was found nbsolutely essen- 
tie l to have 2a dependable »errinz in the line to take out 
any twist caused by rotation of the target in the air. 

Onee agin the seme tests were run in the clean corfigura- 
tion in order to duplicate stmospheric contitions. 

e: To measure control deflections one autosyn trena- 
mitter wes mounted on the vudder surface end another on the 
aiteron contro! cahle. This equipment. wes ground celibrated. 
‘It if. interesting to nete that only differences snd slopes 

of 211 mercured quantities were use? tn the computations. 
Therefore it was not recessary to determine accurately the 


‘ 


zero points of control deflections or sideslinp indications. 
A standard double reedle autosyn raesiver-aakinabon was | 
mounted in the cockpit and with duitable step-up pulleys, 
large iniicetor deflections were obtained for small control 
deflections. 

Since these té-ts were being nanwaaeen concurrently 
with another series or the airer-ft, sideslip Vatieas sie 
were obtained by converting the autosyn transmitter output 


to a direct current voltae. Readings were then made on a 


direct current voltmeter. 
A gteandard inclinomster was mounted in the eockpit 
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perpendicular to the roll axis of the aircraft in order. 
to read roll angle. With’ proper shock mounting to akan 
out ,high frequency vioretions, this gave very satisfactory 
results. 

Zven though the primary purpoce of this investi- 
zation was to deternine the feasibility of obtaining certain 
of the leteral and directional stability derivatives by 
static flight test means, the vartation of these Seri vatives 
with aircraft speed, power, and Plap deflection was 2180 je- 
Eives:, To Fccomynlish this end, seven sa ak of tests were | 
meade. With power for level flight, tests were made at &d, 
100, and 120 miles per hour. For the three tests made at 
each speed, 1.8. assymetric weight, essymetric drag, end 
clean, the engine speed was held constart, 1800 rpm for 80 ; 
mph, 190° rom for 100 mph, and 2000 rpm for 120 mph. The 
same series of tests were then conducted at 80, 100 end 120 
mph with maximum continuous power apnlied. For this aircreft 
meximum continuous power is list das 25 inches manifold 
pressure ard 2300 rpm. In these tests of course, the air- 
craft climbed. In addition, a series of tests were made at 
maximum continuous power with full flep def ection. %esults 
of all tests are shown on Fig, 4 through Fig. 17. | 

In 211 configurations, the dots desired was on, dn, 


and PD ot various anzles of sidesliv,(. The best method to 


obtain data was to deflect the rudder and stop the aircraft 
from turning by deflecting the aileron. Then readings were 
taken. In addition drag resdings from the strain zage box 
were trken for the runs when the target was being towed. 

S$traicht flight wes mainteined by constant reference to the 


Ajirectional gyro. 


DISSUSSICN CF RESULTS 

The data obtained from the seven different test 
conditions wes plotted in Pigs. 4 through 17, 2n3 results 
computed from these curves iin Jisted in Table IJ. As the 
analysis of results was sdentical in all seven confixzurations, 
only the power for level flicht run at 100 mph will be discuss- 
ed in deta‘l. | : 7 

4t V, = 100 mph, q was found using the irdpatt 
position error charts to be 27.7 lds. per sq. ft., Cr. was 
519 ond hy wes 2.3 ft. | 

From equation (8), 01,7 ~-00769. Equation CYT) 
geve a volue for O,,= .00971. 

Using equation (10) and an aileron deflection at 
zero sideslip from Fic. 6 of 3.69, the aileron control power 
Oy,2-. 124, % 

From ecuation (12) ond ig. 7, the first apnroxi- 


2sO097/ 
1.957 $3 = M6. 


mation of the rudder control power was ony = = 
“a 
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Now the proportionality factor Kz could wh 
computed by ecsuation (13), using the control deflections 
et zero sideslip thus: —-—W6G  -—Y 

Kgs pogo eee 

Iteration of these coefficients by ecuations 
(14), (15), end (13) protiuced the following final values: 
= 124 
=-.119 

Rye Se TOT" 

from equations (4), (5) ard (6) the three second- 
ary control moments were found to be 

Cup = ~ 236 

Al .C166 

Rig - O13 | ; 

Finally, usins the roll angle, rudder angle and 
ejileron angle slopes from Fig. 6, the static lateral 
“Sees tee for V4 = 1CO mph were determines from ecuations 
(179), (17>) end (17¢). | 
= -,546 
=~ {0065 
On = «144 . . 

Bxaminstion of the results in Table TJ shows the 
variations in the computed values of the primary control 
mowers, secondery control powers and stability derivatives 


with the change in speed and power ccniitiona. These 


variations are to be expected and the influencing factors 
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are detsiled below. The limiting .accurecy in these cal- 
culstions was felt to be the inherent inaccuracy involved 
in measuring 2nd recording flight test data, then subse- 
quently fairing curves and atteupting to read control de- 
flection aifferences closer than 0.19. In particular, the 
aileron deflection measuring system was attached at the : 
control column and thus no accurate s¢ecount could be taken 
of cable stretch even though attempts were made to "load" - 
the ailerons during the eround calibrstions. 


Table TI and Fig. 1% show that decreases 28 


Qn 
spnesd increases. Since aileron control] cable stretch would 
ae 
increase as jiynamic pressure increased, this could partially 
contribute to the reduction in aileron power st higher speeds. 
The rorm?l lessening of aileron power as C0, decreases and 
i ( F d 
any wing twist at higher speeds would also account for some 
of the noted reiuction in oy “ 
Sa 


- 


From Table JI end Fig. 18 C._' ia seen to decrease 
Nn 

with sn increase in velocity. Since the rudder lies within 
the slingtrest, this would be expected. .485 forward speed is 
incressed, tne effect of the slinstream Jecresses, and less 
force is exerted by the rudder per degree of deflection. 

Cy 4s a function of Cy, end misht therefore be 

gx o% 

exvected to decrerse as velocity incveases. However, 2s 
velceity increases the argie of attack decresses. This will 
increase hy end from ‘ecuation (5), Wes would he incressed, 


The aileron adverse yaw, is seen to decrease 


Cn 
$a 


a” + ; I 
* ha ') < i » 
wie ¥ 


‘a y 


"> 4 


, L yt ; | 
. m ’ Mg Sha w ‘ : 
Yai, f * “¥ rep vA As ae 
oi Vee ; 


q ' ms 


15 


with speed. Aiveron adverse yaw ia partially the result of 
‘the increase in induced dregs which accompanies the increase 
in lift of the wins when the aileron is deflected downward. 
Since induced drag is 2 function of 012 it 19 expected that 
it would tend to decrease 5 velocity increases. | 

The shies’ Tovee derivative, ye » should theoretically 
st°y constent with changes in speed. The minor variations 
noted in fable IT and Fig. 19 could possibly he csused by 
chengee Ti interference ard sidewes: effects of the 
fuselare and slipstream as speed ia changed. Thie would 
affect the ,anzie of attack of the vertical teil differently 
at GHe Bareenent speeds and power ae ean 


Divectional stability, “4s almost exclusively 


ong 
deternined by the vertical tail. Since the vertical tail 

lies within the alipstrenn, one would be expected to decresse 
*°3 Sslipstreem becomes lesa offert sve) $.¢. 28 sneed increnses. 
This was noted in Tab’e TI snq Fig. 19. Comparitne Sne at 

une seme sneed and differert power settings, Tedle II shows 
that the directional atability is reduced slightly, 9s power 

Js increesed. This might be explsined by the fact that 
tractor propellers are destabilizing 8s the power is incrersed. 


£3 expected, dihedral effect, is seen to 


G 
ig? 
ehenze very little with veloc‘ty. A possible resson for 

the snell decresse in [1g 28s power is increased et constant 
speed *‘s that the added slinetream jive to the power acts over 


one wing more than the other 928 the aircraft ‘as sidecliped. 
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This introduces a rolling moment which would decrerse the 
magnitude of Ci, . 

It ia aifficult to exotein the variations coon. 
in Table IJ and on Figs. 1€ and 19 in the computed values 
of the several derivatives when the flaps were deflected. 
Some of the veriations can be rationalized nowever, and 
these will »e discussed. Sines the flaps tend to interfere 
with the flow of the vropeller slipstream over the .vertical 
tail, the reduction in ony? 4s to be expected even though 


the speed is lower. The minor variation of © from-what 


“Léa 
would be expected at low speed is not exnlainable,. 

The flap hinze line on the test airerart ved 
swept forwsrd a small smount. This would partially Ber es 
for the incresse in the macnitude et ove and the decrease in 
Cig+ The interference of the deflected flaps with the 
slipstream would also indicste a decressei veilue of °ng 
from clean condition. 

A refin-ment in the method of zolution for primary 
and secondary control moments could have been used if an 
accurate determination of yawing moment of the weight and 
_ rolling moment of the sleeve had been nade, In this project, 
Somb drag wes caiculated and found to be negliszible. Rolling 
moment of the sleeve could be found if an accurate determina- 
tion of the angle between the tow line ard the aircrsft's 
X axis (Horizon) were meade. ! 


Then from equation (3)(b) and (8), repested here 
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two difference equations at zero sideslip could be written: 
Ces. A Pape ss 5 OE th A deisoma + he Fabel = O (18) 


Ce §a A Sa sieeve + Chat hae sae ett CLa's: cee oO Ftt9) 
The first approximation of 61,46, would give an identical 
enswer for C75, 28 the method used in this report. However, 
with an accurate contro] deflection mersuring system and the 
above mentioned mowente:, ittwas felt that simultsneous 
sclution cf these equations would provide a nore accurate . 
determination of Oley which would not sepend on the question- 
able meesured velues of hy end ly. | 

Similarly equations (3)(c) and (11) can be written 


as difference equations at zero eideslip. 


Cao Ads, SLEEVE + Cw Sa A Sesieeve ee Phe a VE = O 2 /) 


Solution of these equations gives S,, and © without the 
r ba NSa 
iteration procedure previously used, 
‘It was felt that stetic flight testing procedures 


are easily sccurate enough to justify this method of solution. 
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CONCLUSIONS 
The flight testing ragiared for this mettod of 
determination of the static lstersal and directional stability 
derivatives is relatively easy to perform. 

The primary and seccndary ailsron and rudder control 
moments sare determined iad by the flight tests. 

Instrumentation necessary to obtain reauired flight 
test date is not complex end is resdily aveilable. 

Reduction of flight test deta snd the computations 
necessary to extrect the stcbility derivatives sre fast and 
streizhtforwrrd. 

The dirsectional stability and gifs ovine Mrhoaee! 
were tound to cherze markedly with aircraft velocity. For 
the sircreft tested, Share wes a distinct decrease in on p 
end Cig 8 speed incressed. Therefore, it is recommended 
that on aircraft always be tested at various speeds and in 


'4te different configurations, 
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TABLE. I 


pa 


DESCRIPTICN CF SYMBOLS 


Airplane velocity f.p.s. 


Wing area (aq. ft.) 


Wing span (ft.) 


Lenath c.g. to vertical tail centroid (ft.) 


Vertical teil centroid to X axis (ft.) 


irplane Tift coefficient 
Dynamic pressure (1lbs./sc. ft.) 


S$4de force coefficient Y/aqs 


Rolling moment coefficient L/asb 


Yawing moment coefficient N/qsbd 


2 a 
‘Differential operator Via (%) 


Sideslip angle 


Yaw anzle 

Bank angle 

Rudder angle 

A41eron angle (average) 


Side force derivative meV AY a. 


“Directional stability derivetive 


“Adrplene relative density m/psb 


(per radian) 


eee Lie (per radian) 


Dihedral effect ICL (per radien) 
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TABIE. II 


Tevel Flicht Power 


1800RPM 1900RPM 2000%PM 2300RPM 23500RPM 2300RPM 2300RPM 
FF 


V5 80 
1 -,01204 
83 omb : 
Cn ~01150 
Sleeve.” 
CL ie ae 
AS, ATS. 
Bomb a 
a 1.5 
#45 aio 
_ 3leeve — 
Sleeve 
Cy ~152 
Sa 
Cny, +4157 
K3 Ts eo 18 
n 
Cre. ~9130 
C - .056 
Neo 0561 
G 2291 
VSn 
Fbx/y, .9& 
FSa/ ap 47 
yp - 616 
Cp = .9905 
12} 


100 
are 
~ .00769 
2 00971 


3 .6° 
0.40 


120 
aT 29 


00897 


290 


3.20 
0.1° 
4,80 
0,280 
.101 

-.107 

- 032 

.0166 


“es OO52 


= .Of22 


141 


20 


Maximum Continuous Power 


80 - 


i 
-,01204 
201150 
Od 
4a? 


1.2°. 


49° 
0.8 


164 , 


~.140 

~37 

£0119 

~ .0388 
266 


100 
7,7 

~ 00769 
.00971 
BAD 
3.50 
0.99 
5.6° 
0,8° 
129 
=.105 
-.209 
0141 
~ 0270 


120 


37.9 - 


- .00567 
Melelsiong 
390 
2.9° 
0,4° 

a. TS 
20° 
.100 


70 
ive 
- 01568 

01060 

1.06 
7.8° 
0.7° 
55° 
0.6° 
2115 
-.112 
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Determination of the static 
lateral and directional 
derivatives of an airplane by 
steady state flight testing. 


